The importance of adequate vitamin and mineral nutrition to avian growth and development is well known (Romanoff 1967) . The avian egg and the embryo developing within represent a closed system in which the entire supply of nutrients, including vitamins and minerals necessary to support complete embryonic de velopment, is deposited by the hen into the egg at the time of its formation. This process involves the trans port of nutrients from storage sites within the tissues of the hen to the ovary and the developing oocyte for deposition into yolk or to the oviduct for subsequent deposition into the albumen, shell membrane and shell portions of the egg (Whitehead 1991) . The biochemical basis for this transfer of nutrients involves the synthe sis and export into the hen's plasma of specific nutri ent-binding proteins. Within the egg, embryonic tis sues develop specific mechanisms to mobilize and store vitamins and minerals derived from the egg de posits, which also involve the synthesis and transport of specific binding proteins. Recent advances in the areas of biochemistry and molecular biology have made possible a more detailed study of such proteins and the genes that encode them. For example, specific binding proteins for the vitamins: thiamin, riboflavin, biotin, cobalamin, retinol and cholecalciferol have been iden tified and characterized in avian egg yolk and albumen (White 1987) . Similarly, specific metal-binding pro teins have been studied from the perspectives of metal deposition into the egg and metal uptake and utiliza tion by the tissues of the developing avian embryo (Richards and Steele 1987) . This symposium highlights current knowledge concerning the molecular basis for the metabolism of specific vitamins and minerals dur ing avian development.
The first paper in this series relates the importance of riboflavin to the development of the chicken embryo and the crucial role of riboflavin-binding protein in the transport of this vitamin from the hen to the egg. Using a unique strain of chickens that are genetically unable to produce riboflavin-binding protein, the author was able to investigate the effects of insufficient egg ribo flavin stores on the development of chicken embryos. Riboflavin deficiency in ovo causes severe hypoglycemia as well as severe impairment of fatty acid oxida tion. The net effect of this riboflavin deficiency is to evoke a sudden death syndrome in chicken embryos at 13-14 d of development.
The riboflavin-deficient strain of chickens may also prove to be a useful model for the investigation of sudden death syndromes in hu mans.
The second paper discusses the importance of vita min D to chicken embryonic development and its role in the regulating mobilization of egg yolk calcium by the yolk sac. Specifically, the authors describe the ef fects of stage of development and vitamin D in regulat ing the expression of the calcium-binding protein, calbindin-D28K in yolk sac endodermal cells. These cells, which line the inner surface of the yolk sac, play a major role in yolk calcium mobilization and uptake into the embryo. Following mRNA levels for vitamin D receptor, the authors show that the yolk sac is an early-responding target tissue for the actions of vitamin D. In light of these findings, the authors suggest that cultured yolk sac endodermal cells represent a useful in vitro model system in which to explore the cellular and molecular consequences of vitamin D action.
The final paper in this series reviews what is cur rently known about the structure, regulation and evo lution of avian metallothioneins (MTs). MTs are low molecular weight, cysteine-rich, heavy metal-binding proteins that are thought to function in cellular metal metabolism. Avian MTs constitute a simple family with one predominant form of the protein showing near identity in the deduced amino acid sequence for the chicken, turkey, pheasant and quail. Chicken and turkey MT genes are characterized by a high degree of structural similarity to other functional MT genes. The chicken MT gene is inducible by zinc, copper, bacterial lipopolysaccharide and oxidative stress, and it is ex pressed in the liver during embryonic development. The authors describe details of their investigations into the structure and function of the chicken MT promoter using transient transfection assays and transgenic mice that revealed the presence of cis-acting elements and an enhancer element involved in the induction of MT gene expression by metals.
The knowledge gained concerning the regulation and expression of specific vitamin-and metal-binding proteins such as those described in the following three papers contributes significantly to an overall under standing of the mechanisms that govern vitamin and mineral metabolism during the process of egg forma tion and in the tissues of the developing avian embryo within the egg. Such information also helps to explain the impact of changes in the levels of vitamins and minerals and other related factors on the course of nor mal embryonic growth and development.
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